Effects of ethanol on the expression and secretion of bile salt-dependent lipase by pancreatic AR4-2J cells  by Le Petit-Thevenin, Josette et al.
E¡ects of ethanol on the expression and secretion of bile salt-dependent
lipase by pancreatic AR4-2J cells
Josette Le Petit-Thevenin *, Eric Pasqualini, Odette Nobili, Alain Ve¤rine,
Dominique Lombardo
INSERM U260, Faculte¤ de Me¤decine-Timone, 27 Blv. Jean Moulin, 13385 Marseille Cedex 5, France
Received 6 April 1998; revised 3 July 1998; accepted 7 August 1998
Abstract
The mechanisms by which ethanol administration alters pancreatic function are unknown. We have evaluated the effects of
chronic ethanol treatment on secretion of a digestive enzyme: the bile salt-dependent lipase (BSDL), by the rat pancreatic cell
line AR4-2J (as a model). We report that ethanol (50^300 mM) in culture medium induced a rise, in secreted and intracellular
BSDL, that was a function of the duration of treatment and of the ethanol concentration. This effect was not abolished by
pyrazole, which suggests a direct effect of ethanol. We have further established that the increase of BSDL activity was due to
an enhanced biosynthesis of the enzyme consecutive to a major steady-state level of mRNA encoding BSDL. Also, the
subcellular localization showed a specific accumulation of BSDL in the cytosolic fraction of cells chronically treated with
ethanol. Given the enzymatic properties of BSDL, all these data could have some physiological consequences regarding the
digestive function, plasma lipid metabolism and intracellular cholesterol homeostasis. ß 1998 Elsevier Science B.V. All
rights reserved.
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1. Introduction
Bile salt-dependent lipase (BSDL; EC 3.1.1.-), also
referred to as bile salt-dependent cholesterol esterase
or carboxyl ester lipase, is synthesized by pancreatic
acinar cells and is found in all examined species. The
enzyme catalyzes the hydrolysis of lipid ester sub-
strates and is the only enzyme of the pancreatic juice
capable of hydrolyzing fat-soluble vitamin esters and
cholesteryl esters (CE) [1,2]. The enzyme is a prereq-
uisite for full absorption of cholesterol [3]. Although
the enzyme is secreted into the duodenum where it
exerts its digestive functions, BSDL has been shown
to transit throughout the enterocyte [4]. As a conse-
quence, BSDL is found in the blood plasma of hu-
mans [5,6] where it exerts a systemic action on oxi-
dized LDL [7]. A signi¢cant relationship was also
detected between BSDL activity, LDL^cholesterol
and Apo B-100 concentrations in serum [6]. Caillol
et al. have suggested that BSDL is able to bind to
circulating LDL by a speci¢c interaction with Apo
B-100 [6]. Accordingly, BSDL may be associated
with atherosclerotic processes.
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Ethanol, which is the main cause of pancreatitis,
has been reported to have several e¡ects on exocrine
pancreas leading to physical changes in the organ
structures as well as secretory alterations [8,9]. These
e¡ects depend on the species being studied and the
route of alcohol administration. Accordingly, the
ethanol treatment has been associated with inhibi-
tion, stimulation and no change in exocrine pancre-
atic secretion (for review, see Ref. [10]). In vivo stud-
ies suggested that chronic ethanol feeding increased
lipase levels and its proper mRNA content in the rat
pancreas [11]. Consequently, alcohol consumption
may also stimulate the secretion of digestive enzymes
such as BSDL which in turn could be involved in the
positive e¡ect of ethanol intake on atherosclerosis.
This study was undertaken to delineate, for the ¢rst
time, the e¡ect of chronic alcohol on the biosynthesis
and secretion of BSDL. For this purpose, the rat
pancreatic AR4-2J cell line was used as model for
alcohol intoxication. This model allows to eliminate
hormonal and nutritional secondary e¡ects and to
address direct e¡ects of ethanol on acinar cells. Re-
sults indicate that alcohol increases the steady-state
level of mRNA encoding BSDL, leading to a speci¢c
enhanced rate of BSDL biosynthesis. Alcohol in-
creases the intracellular BSDL activity, more specif-
ically that in cytosol of the acinar cell. The amount
of secreted BSDL is also increased upon ethanol
treatment; however, this e¡ect seems general to se-
creted proteins. Due to the involvement of BSDL in
cholesterol metabolism, this study could be relevant
to pathophysiological processes such as lipid diges-
tion and absorption, steatosis as observed in pan-
creatitis, cancer, and atheroma.
2. Experimental procedures
2.1. Materials
Glutamine, penicillin, trypsin^EDTA and strepto-
mycin were from Life Technologies (Grand Island,
NY, USA). Fetal calf serum (FCS) was from
Dutscher (Brumath, France). Phenylmethyl sulfonyl-
£uoride (PMSF), benzamidine and L-phenyl propio-
nate were from Fluka (Buchs, Switzerland). Alkaline
phosphatase-labeled antibodies to rabbit IgG and
4-nitrophenyl hexanoate were from Sigma (St. Louis,
MO, USA). [35S]Methionine (Tran35S-label) was
from ICN (Irvine, CA, USA). Antibodies speci¢c
for BSDL were raised in rabbit using puri¢ed rat
pancreatic BSDL [12].
2.2. Cell culture
The rat pancreatoma AR4-2J cell line was ob-
tained from Dr. F. Clemente (INSERM U 151, Tou-
louse, France). The cells were routinely cultured at
37‡C in a 5% CO2, 95% air atmosphere in Dulbec-
co’s modi¢ed Eagle’s medium (DMEM, Life Tech-
nologies) containing 10% (v/v) FCS, 2 mM gluta-
mine, 1 g/l glucose, 100 U/ml of penicillin, 100 Wg/
ml streptomycin, and 0.1% (v/v) fungizone. When
cells reached 80% con£uence, they were harvested
with 0.25% trypsin and 0.05% EDTA in 10 mM so-
dium phosphate, 0.15 M NaCl (pH 7.4) bu¡er (PBS)
and aliquots of dissociated cells were plated on
100-mm diameter Petri dishes for further ethanolic
treatments.
2.3. Chronic ethanol treatment
Three days after seeding, fresh medium containing
ethanol (usually 200 mM), or not, was added to cells
and changed every day during 4 days. On the fourth
day, control cells had reached 80% con£uence. Cells
grown in media supplemented with ethanol and those
in control media exhibited similar viability as esti-
mated by the release of lactate dehydrogenase
(LDH) activity in the extracellular medium: less
than 3% of the total intracellular LDH activity was
released under our experimental conditions. Cells ex-
posed to ethanol were morphologically indistinguish-
able from control cells.
2.4. Acute ethanol treatment
Control and chronic ethanol (200 mM, 4 days)-
treated cells were incubated in fresh medium supple-
mented with variable concentrations of ethanol (0 to
800 mM) for 2 h. Then, secreted and intracellular
BSDL activities were recorded. We have checked
that no further LDH activity was released after 2 h
incubation, for each ethanol concentration used.
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2.5. General procedure for assay of secreted and
intracellular BSDL activity
Secreted BSDL activity was generally assayed after
incubation of cells for 2 h in fresh medium (with or
without ethanol depending on the experiment). Then
the medium was collected and used to monitor se-
creted BSDL activity. Cellular activity was assayed
on cell homogenates prepared as follows: cells of
each dish were carefully washed in PBS, resuspended
by treatment with trypsin/EDTA, and harvested by
centrifugation. For analysis of intracellular BSDL
activity, the cell pellets were resuspended in 1 ml
PBS supplemented with protease inhibitors (PMSF
(2 mM), benzamidine (2 mM), L-phenyl-propionate
(2 mM), EDTA (5 mM)) and 0.1% (w/v) Triton
X-100. This suspension was rapidly cooled at 4‡C
and sonicated (4 W, Branson Soni¢er) for 10 s. All
secreted and cellular BSDL activity assays were per-
formed the same day in order to avoid any degrada-
tion. Addition of detergent and protease inhibitor(s)
cocktail induced no variation of BSDL activity lev-
els.
2.6. Pulse chase procedure
After 2 h incubation in fresh medium with or with-
out ethanol, proteins of control and chronic ethanol
(200 mM, 4 days)-treated cells were pulse-labeled
with [35S]methionine (20 WCi/ml) in methionine-free
DMEM; the pulse medium was removed after 30 min
incubation followed by two quick washes with PBS,
and cells were chased in DMEM supplemented with
methionine in the presence or absence of ethanol. At
the end of the chase period, cell-free media were
withdrawn and cell lysates prepared as indicated
above.
2.7. Immunoprecipitation, polyacrylamide gel
electrophoresis and Western blot
Aliquots of cell lysate, clari¢ed by centrifugation
at 5000Ug for 5 min at 4‡C, or of cell-free media
corresponding to the same amount of cellular pro-
teins were incubated overnight at 4‡C with speci¢c
rabbit antiserum raised against rat BSDL or rabbit
pre-immune serum. The antigen^antibody complexes
were bound to 6 mg of prewashed protein A^Sephar-
ose and incubated for 4 h at 4‡C under agitation.
The antigen^antibody protein A complexes were re-
covered by centrifugation (10 000Ug, 15 min, 4‡C).
The ¢nal pellet was then washed twice with 10 mM
Tris^HCl (pH 7.5) bu¡er containing 5 mM EDTA
and 0.5% Triton X-100. Non-speci¢cally bound
proteins were removed from the protein A^Sephar-
ose beads by washing twice with the same bu¡er
containing 1 M NaCl and twice with the latter bu¡er
containing 0.1% SDS. The immunoprecipitated
BSDL was dissociated from the protein A^Sepharose
by heating at 95‡C for 5 min in Laemmli’s sample
bu¡er [13]. After centrifugation, the supernatant was
analyzed by electrophoresis on SDS-containing 10%
polyacrylamide gels (SDS^PAGE) according to
Laemmli [13]. For Western blots, proteins were
separated by SDS^PAGE and electrophoretically
transferred to nitrocellulose membranes [14] in
0.2 M pH 9.2 Tris^HCl bu¡er, at 1 mA/cm2 over-
night in a cold room. Membranes were then incu-
bated with antibodies speci¢c for rat BSDL. The
antigen^antibody reaction was detected with alka-
line phosphatase-labeled goat antibodies to rabbit
IgG.
2.8. Total protein synthesis and secretion
After 30 min of pulse with [35S]methionine fol-
lowed by extensive washings of cells, protein synthe-
sis and secretion were determined with a combina-
tion of trichloroacetic acid precipitation and
scintillation counting.
2.9. Quantitation of autoradiogram
After separation by SDS^PAGE, radiolabeled pro-
teins were ¢xed by staining with Coomassie R250
and destaining in ethanol/acetic acid/water (2:3:35
by volume). Gels were then immersed in Amplify
(30^60 min) and autoradiographed using Hyper¢lm
MP from Amersham. Autoradiogram scans were
done using a Microtek Image scanner driven by a
Macintosh IIfx personal computer. Quantitation of
the stained bands was done using the IMAGE pro-
gram from the National Institutes of Health (Bethes-
da, MD, USA).
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2.10. Protein, DNA and enzyme activity
determinations
Proteins were routinely assayed with the bicincho-
ninic acid method (Pierce, Rockford, IL, USA) using
serum albumin as standard. DNA was quantitated
by £uorimetric assay according to Rao and Otto
[15]. The hydrolysis of 4-nitrophenyl hexanoate was
measured spectrophotometrically at 400 nm and pH
7.4 in a thermostated cell at 30‡C as described by
Gjellesvick et al. [16] in the presence of 4 mM so-
dium taurocholate as activator. One enzyme milliunit
corresponds to the hydrolysis of 1 nmol of 4-nitro-
phenyl hexanoate per minute. Lactate dehydrogenase
(LDH) activity was determined according to Gold-
berg [17].
2.11. cDNA probes
The cDNA speci¢c for actin was obtained by re-
verse transcription and polymerase chain reaction
(RT^PCR) using speci¢c primers (Clontech, Palo
Alto, CA, USA). The cDNA probe (0.5 kb) speci¢c
for BSDL was obtained by RT^PCR [18]. Puri¢ed
cDNA probes were 32P-labeled by random priming
using [K-32P]dCTP (NEN, Les Ulis, France) and the
Random Primed DNA-labeling kit (Life Technolo-
gies) to a speci¢c radioactivity of approximately
4U108 cpm/Wg.
2.12. mRNA quantitation (Northern dot-blot)
RNA was extracted from cells using the method of
Chirgwin et al. [19] in the presence of 4 M guanidi-
nium isothiocyanate to inhibit RNAses. RNA was
dotted onto a nitrocellulose membrane (BA 83
type, Schleicher and Schuell, Dassel, Germany) in
decreasing rank amount from 10 Wg/well to 0.312
Wg/well. The membranes were prehybridized for 3^
4 h at 42‡C, in 50% formamide, saline sodium citrate
(2USSC; 1USSC = NaCl, 150 mM and sodium cit-
rate, 15 mM), SDS (1%), Denhardt’s reagent (5U ;
1U= Ficoll, polyvinylpyrrolidone and BSA, 0.02%
w/v each) supplemented with 200 Wg/ml of heat-de-
natured herring sperm DNA. The hybridization with
the radiolabeled cDNA probe (100 ng, 4U108 cpm/
Wg) was carried out overnight at 42‡C in the hybrid-
ization mixture. The blots were washed three times
for 5 min. at room temperature with 2USSC, 0.1%
SDS and twice for 15 min at 60‡C with 0.2USSC,
0.1% SDS. The ¢lters were then autoradiographed
for 24 h at 380‡C using an intensifying screen. The
amount of mRNA speci¢c for BSDL was estimated
by the dark intensity of spots on the ¢lm by a spec-
trophotometric method using a Dynatec MR 5000
microplate spectrophotometer. Typical hybridization
lines were obtained by linear regression. From the
slope of each line, it was possible to calculate the
amount of speci¢c mRNA (in arbitrary units) in
the mixture of RNA. Content of mRNA speci¢c
for BSDL was normalized with the amount of actin
mRNA determined using the speci¢c cDNA probe
for actin.
2.13. Subcellular fractionation
Subcellular fractionation was performed by serial
centrifugations inspired from Jamieson and Palade
[20]. First, cells were homogenized with a Polytron
Fig. 1. E¡ect of ethanol on the rate of BSDL biosynthesis and
secretion. AR4-2J cells at same con£uence were incubated with
200 mM ethanol at days 34, 33, 32 and 31 before the experi-
ment. Control cells were incubated under identical conditions
but in the absence of ethanol and compared to alcohol-treated
cells on the day of the experiment. At the end of incubation pe-
riods, at the same time, cells (control and alcohol-treated) were
cultured under the same conditions for a further 2 h in fresh
medium. The culture medium was withdrawn for secreted
BSDL (a) activity assay; cells were harvested, lysed and intra-
cellular BSDL activity was recorded on cell lysate (E). Ethanol-
induced increases are calculated from the mean of three assays
for control and treated cells in one experiment (each assay cor-
responding to one plate) and are expressed versus control val-
ues. The results shown are typical of three independent experi-
ments. BSDL activities in controls were 265 þ 32 mU/mg of cell
proteins (n = 20) for intracellular enzyme and 90 þ 19 mU/mg of
cell proteins/h of incubation (n = 20) for secreted enzyme.
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in a 20 mM Tris^HCl (pH 7.4) bu¡er (0.25 M su-
crose, 2 mM benzamidine). Cell debris and heavy
organites (nuclei, zymogen granules, mitochondria
and lysosomes) were pelleted by centrifugation
(15 000Ug for 15 min at 4‡C). Lastly, microsomes
were separated from cytosol by centrifugation of
the post-organites supernatant at 100 000Ug for 1 h
at 4‡C and were resuspended by sonication (4 W) for
10 s in the homogenizing bu¡er.
3. Results
3.1. E¡ects of chronic ethanol treatment on BSDL
activity
AR4-2J cells were treated with 200 mM ethanol
for 0 (control cells), 1, 2, 3 and 4 days. At the end
of treatment, cells were incubated for another 2 h in
fresh medium containing ethanol at the same concen-
tration (except control) and the BSDL activity was
recorded on aliquots of the culture medium. As
shown on Fig. 1, the amount of BSDL activity,
present in the medium of ethanol-treated cells and
expressed relative to that of control cells (i.e., incu-
bated in the absence of ethanol), increased almost
linearly with time. No levelling o¡ can be detected
at least up to 4 days’ treatment. This result indicated
that, in a ¢rst approximation, alcohol increases the
BSDL output. To determine whether the increased
BSDL output was due to the e¡ect of ethanol on
the rate of secretion or on the rate of BSDL syn-
thesis, the BSDL activity was assayed in correspond-
ing cell lysates. As also shown on Fig. 1, the rate of
BSDL expression paralleled that of secretion, sug-
gesting that ethanol a¡ects primarily the BSDL syn-
thesis by AR4-2J cells.
The increased levels of BSDL activity (about 40%
for ethanol 200 mM) after a 4-day treatment persist
for at least 2 h even after removal of alcohol of the
culture medium, indicating that the induced e¡ect is
not immediately reversible. Following ethanol expo-
sure (4 days, 200 mM), the rate of cell growth, as
determined by DNA content, was reduced by 20^
25% and to about 50% when cells were exposed to
higher ethanol concentration (300 mM). Taken all
together, these results indicated that alcohol stimu-
lated the rate of BSDL biosynthesis by AR4-2J cells,
and consecutively the rate of secretion was also in-
creased, although ethanol reduced the cell growth.
We next investigated whether the increased rates
of BSDL synthesis and secretion were related to
ethanol concentration present in cell culture. As
shown on Fig. 2, the BSDL activity, determined in
cell culture medium and cell lysate, increased to the
same extent with increasing ethanol concentrations
(50^300 mM). Therefore, we have veri¢ed that even
at the higher concentration used, ethanol did not
interfere with the determination of BSDL activity
[21].
3.2. E¡ect of pyrazole
The exocrine pancreas has been demonstrated to
have relatively low activities of ethanol oxidizing en-
zymes [22]. Therefore, the e¡ects of ethanol on pan-
creatic acini are likely not to be due to its metabo-
lism in the pancreas. However, no information is
available concerning the metabolism of ethanol in
AR4-2J pancreatic cells. Consequently, the e¡ect of
pyrazole, a potent inhibitor of alcohol dehydrogen-
Fig. 2. E¡ect of ethanol concentration on the BSDL activity
during chronic treatment. AR4-2J cells were incubated for 4
days with increasing concentrations of ethanol. At the end of
treatment time, cells were incubated for another 2 h in fresh
medium supplemented with the same ethanol concentration.
Then the cell-free medium was withdrawn and saved for BSDL
activity determination (empty column). Cells were harvested,
lysed and the BSDL activity recorded in cell lysate (dashed col-
umn). Results, expressed in percent, are given relative to con-
trol cells (without ethanol treatment) taken as reference. Values
are mean þ S.D. of three independent experiments, each per-
formed in triplicate.
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ase, was investigated. When added to a ¢nal concen-
tration of 1 mM both in control and ethanol
(200 mM)-treated cells during the duration of experi-
ments (4 days), pyrazole modi¢ed neither the stimu-
lation of the synthesis nor that of the secretion of
BSDL. This result clearly indicates that the observed
e¡ect of ethanol was likely not attributable to its
oxidative metabolites.
3.3. E¡ect of chronic ethanol treatment on BSDL
biosynthesis
To assess that the increased amount of BSDL ac-
tivity was actually due to an increase in biosynthesis
of the enzyme, Western blot analyses and pulse chase
protocols were performed as indicated above follow-
ing ethanol treatment of cells (200 mM, 4 days).
When Western blots were performed on cell lysate
using polyclonal antibody speci¢c of rat BSDL, the
amount of BSDL detected (by densitometric scan-
nings) in ethanol treated cells was about 30^40%
higher than that detected in control cells (not
shown). Alternately, cells were pulse labeled with
[35S]methionine and chased in fresh DMEM with
(treated cells) or without (control cells) ethanol;
cell free medium and lysate were then subjected to
an immunoprecipitation with antibodies speci¢c to
rat BSDL; the immunoprecipitated material was
consecutively analyzed by SDS^PAGE and autora-
diographed. Under these conditions, the amounts of
radiolabeled BSDL immunoprecipitated from cell ly-
sate (Fig. 3A) and from cell-free medium (Fig. 3B) of
ethanol-treated cells were signi¢cantly higher than
that immunoprecipitated from control cells. Quanti-
tation of autoradiography, shown in Fig. 3A, sug-
gested that ethanol increased by 40% to 50% the
amounts of biosynthesized BSDL. These data dem-
onstrated that the increase in BSDL activity ob-
served in lysate of alcohol-treated cell, was likely
due to an e¡ect of ethanol on the rate of BSDL
biosynthesis.
The obvious question is whether the ethanol treat-
ment of AR4-2J cells speci¢cally a¡ects the BSDL
synthesis and secretion. To answer this essential
question, cells chronically treated (4 days with
200 mM ethanol) and control cells (without ethanol)
were pulsed for 30 min with [35S]methionine. At the
Fig. 4. E¡ect of ethanol on protein synthesis and secretion.
AR4-2J cells were cultured in the absence (3) or in the pres-
ence (+) of 200 mM ethanol. Cell proteins were radiolabeled
with [35S]methionine for 30 min. Cells were washed, harvested
and lysed; the BSDL activity (dashed columns) was recorded in
intracellular fraction and proteins were precipitated with 10%
trichloroacetic acid (dotted columns). Alternatively, cells were
washed and incubated for another 2 h in fresh medium, then
the BSDL activity and the radiolabel of TCA-precipitable mate-
rial were determined in cell-free medium (extracellular). Values
normalized to DNA concentration are expressed relative to con-
trol (taken as 100%). Data are mean þ S.D. of three independ-
ent experiments.
Fig. 3. Synthesis of BSDL in control and ethanol-treated cells.
AR4-2J cells were grown in the absence (control) or in the
presence of 200 mM ethanol for 4 days and ¢nally incubated
for another 2 h in fresh medium with or without ethanol. Cell
proteins were then radiolabeled with [35S]methionine for 30 min
and chased as described in experimental procedures. Cell-free
medium and cell lysate were immunoprecipitated with antibod-
ies speci¢c for rat BSDL. The immunoprecipitated material was
subjected to SDS^PAGE and detected by autoradiography.
Panel A (upper), immunoprecipitation performed on cell lysate;
panel B (upper), immunoprecipitation performed on cell-free
medium. Lower panels A and B show the quantitative densito-
metric analysis of autoradiographies. The experiment was repro-
duced twice with similar results.
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end of the pulse, cells were extensively washed with
PBS, harvested and lysed. Neosynthesized labeled
proteins were precipitated with 10% trichloroacetic
acid (TCA) and the radioactivity of the precipitated
material was determined. As shown in Fig. 4, com-
pared with control cells no signi¢cant di¡erence in
[35S]methionine incorporation in proteins was de-
tected in ethanol-treated cells. However, under iden-
tical conditions the intracellular BSDL activity was
signi¢cantly increased. Alternatively, at the conclu-
sion of the pulse, cells were chased for 2 h in fresh
medium and secreted (‘extracellular’) radioactive
proteins were TCA-precipitated. Opposite to what
was observed within the cells, the amount of
[35S]methionine-labeled proteins secreted by etha-
nol-treated cells was signi¢cantly higher than that
secreted by control cells. Under these conditions,
the secreted BSDL activity also increased and paral-
leled the amount of secreted proteins. These results
suggested that the BSDL synthesis was speci¢cally
stimulated in ethanol-treated cells. However, the in-
creased secretion due to ethanol seems not to be re-
stricted to BSDL.
The stimulation of biosynthesis suggested that al-
cohol a¡ected the rate at which mRNA speci¢c for
BSDL is translated, although they could also re£ect
ethanol e¡ect on the amount and/or stability of the
BSDL messenger. To investigate this possibility,
steady-state level of BSDL mRNA was determined
in AR4-2J cells following chronic treatment (200
mM, 4 days) of these cells. As shown Fig. 5, quanti-
tation of the Northern dot-blot indicated that the
amount of mRNA, which hybridized with the
BSDL probe, was increased by approximately 35%
by ethanol treatment (the amount of dotted RNA
was normalized with the actin probe) of cells. This
indicates that the stimulation of the BSDL biosyn-
thesis was due in part to a modi¢cation of the tran-
scription rate of the BSDL gene by ethanol, leading
to higher expression and secretion of BSDL by etha-
nol-treated cells. Although unlike, this does not rule
out a higher stability of the BSDL messenger in al-
cohol-treated cells.
3.4. E¡ect of chronic ethanol treatment on
intracellular BSDL partitioning
In a recent study (Le Petit-Thevenin et al., in
press) we have shown that, in CHO cells transfected
with the cDNA encoding BSDL, the enzyme parti-
tioned between microsome and cytosol fractions.
Fig. 5. Dot-blot quantitation of mRNA speci¢c for BSDL in
ethanol-treated cells. Decreasing amounts of RNA extracted
from AR4-2J cells incubated in the absence (a) or in the pres-
ence of 200 mM ethanol (b) for 4 days were dotted on nitrocel-
lulose membrane and hybridized to a 32P-labeled probe speci¢c
for BSDL. Graphs represent the regression analysis of dot-blot
signal intensities (dark intensity in arbitrary units) versus Wg of
dotted RNA (the amount of dotted RNA was previously nor-
malized with the actin probe). This plot is a typical analysis
representative of one experiment which has been replicated
twice.
Fig. 6. E¡ect of chronic ethanol treatment on intracellular
BSDL partitioning. AR4-2J cells were cultured for 4 days in
the absence (control, empty columns) or in the presence of 200
mM ethanol (dashed columns). Cells were harvested and lysed.
Microsome and cytosol subfractions were then separated by se-
rial centrifugations. The BSDL activity was recorded in the
whole homogenate and in subcellular fractions. The activity is
related to mg of protein contained in each fraction. Data are
mean þ S.D. values of three independent experiments with as-
says in triplicate.
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Within transfected cells, BSDL altered the lipid me-
tabolism and, in part, increased the cholesteryl esters
turnover. These e¡ects were particularly important in
the cytosol of transfected cells. Therefore, we next
studied the partition of BSDL within AR4-2J cells
following ethanol treatment. Cells were treated for
4 days in the absence (control cells) or in the pres-
ence of 200 mM ethanol, then harvested, homogen-
ized and subcellular fractions isolated by serial cen-
trifugations. BSDL activity was recorded in the
whole homogenate and in microsome and cytosol
fractions. As shown Fig. 6, and as previously ob-
served, (see Figs. 1 and 4), the BSDL activity in-
creases by some 40% in the whole homogenate of
alcohol-treated cells. However, the e¡ect of alcohol
was more important within the cytosol fraction
where BSDL activity was stimulated by some 65%,
whereas the stimulation was lower (6 30%) in the
microsome fraction. These data were con¢rmed by
Western blot analysis of subcellular fractions of con-
trol and ethanol-treated cells (not shown).
3.5. E¡ect of acute ethanol treatment on BSDL
synthesis and secretion
Biological e¡ects of chronic ethanol treatment are
often relevant of a cellular adaptive response, which
is opposite to a primary acute reaction. Therefore,
we examined the acute e¡ect of ethanol on BSDL
activity; for this purpose, con£uent AR4-2J cells
were incubated for 2 h (this time was required to
give a maximal e¡ect) in the presence of variable
ethanol concentrations (from 0 to 800 mM). After
removing the cell-free medium, cells were harvested
and lysed. The BSDL activity was then recorded in
cell homogenate and cell-free medium. As shown on
Fig. 7, an ethanol concentration-dependent inhibi-
tion of the intracellular and secreted BSDL was ob-
served. However, this e¡ect was more pronounced
on secreted BSDL than on intracellular BSDL,
meaning that acute ethanol treatment a¡ects secre-
tion mechanism and, although to a lesser extent,
BSDL biosynthesis. Prior chronic treatment of
cells with 200 mM ethanol for 4 days did not
modify the inhibitory e¡ect of acute treatment of
ethanol. These data showed that acute and chronic
ethanol treatments have classical opposite e¡ects on
BSDL activity and that chronically treated cells do
not present a tolerance to ethanol relative to
BSDL.
4. Discussion
Because of the short lifetime of dispersed nonim-
mortalized pancreatic acinar cells, the stable rat pan-
creatic acinar cell line AR4-2J has been widely used
as model system for investigating the biology of iso-
lated pancreatic cells, including di¡erentiation, secre-
tion, xenobiotic e¡ects and growth. Therefore, we
used this cell line to study chronic e¡ects of ethanol
on the biosynthesis and secretion of bile salt-depend-
ent lipase or BSDL.
Chronic treatment of pancreatic AR4-2J cells with
ethanol induced a signi¢cant stimulation of BSDL
biosynthesis which results from an enhanced
steady-state level of its speci¢c mRNA, indicating
that chronic ethanol treatment modulated the
BSDL gene expression. The stimulating e¡ect of
ethanol was a function of the duration of treatment
and was concentration dependent. This e¡ect ap-
peared signi¢cant for the lowest concentrations
tested (50^100 mM) that were more clinically rele-
Fig. 7. Acute e¡ects of ethanol on intracellular and secreted
BSDL activity. Control and chronic (4 days, 200 mM) ethanol-
treated AR4-2J cells were incubated in fresh medium for 2 h
with or without the indicated ethanol concentrations. The cell-
free medium was assayed for secreted BSDL activity: control
cells (E), chronically treated cells (F) ; intracellular BSDL activ-
ity was measured in cell lysate: control cells (a), chronically
treated cells (b) ; BSDL activity was expressed as percent of in-
hibition in presence of ethanol in the medium versus values
found in control cells incubated in absence of ethanol. Data
shown are mean þ S.D. values from three independent experi-
ments with assays in triplicate.
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vant than higher concentrations aiming to maximize
the responses and improve quantitative analysis [23].
Although mechanisms of acute e¡ects of ethanol
were not extensively studied here, the opposite e¡ects
of chronic (stimulating) and acute (inhibiting) treat-
ments on BSDL activity seem to be relevant to a
more general feature which is the adaptation of cells
to ethanol intoxication. This adaptation may, in
part, implicate changes in the cell signaling system
that has been shown to modulate gene expression
[24]; however, tolerance phenomenon is not evident
here.
BSDL is found in many cells and tissues and, ac-
cording to their specialization, the enzyme may be
secreted [12,25], or cytoplasmic [26,27] or both [28].
Di¡erent roles were ascribed to this enzyme. BSDL
secreted in the pancreatic juice is involved in duode-
nal lipid digestion [1^3]. Present in plasma, it could
be involved in the metabolism of lipoproteins [7,25^
27], and, within the cells of steroidogenic tissues, it
could be essential for cholesterol homeostasis [29].
Therefore, one can surmise that the enhanced biosyn-
thesis of BSDL due to ethanol intoxication might be
relevant to many aspects of lipid metabolism.
On the one hand, the increased secretion of BSDL
by pancreatic cells could lead to the presence of high-
er levels of BSDL in the duodenum of alcoholic pa-
tients possibly resulting in a higher capacity of alco-
holics to hydrolyze dietary lipids, in part cholesteryl
esters [3] ; this could explain, at least partly, the post-
prandial hyperlipidemia observed after preprandial
alcohol intake [30]. BSDL which appeared as the
unique pancreatic enzyme capable of transit through
the enterocyte [4] may be found at a higher level
within the blood circulation [5], where it is speci¢-
cally linked to LDL and Apo B-100 [6] and exerts a
systemic action on atheroma-generating oxidized
LDL [7]. Thereby, the well known protective e¡ect
of moderate alcohol consumption against cardiovas-
cular diseases was relevant in part to a higher plas-
matic BSDL interfering with lipoprotein metabolism
cannot be ruled out. However, the level of BSDL is
not signi¢cantly modi¢ed in serum of patients su¡er-
ing from chronic pancreatitis of alcoholic etiology
[5]. Nevertheless, it would be of great interest to re-
cord BSDL activity in sera of moderate drinkers
without any pancreatic pathology, since the bene¢t
or toxicity of ethanol consumption was largely re-
lated to the duration of intoxication and to the
dose absorbed [31].
On the other hand, chronic ethanol abuse is the
most common cause of pancreatitis in Western coun-
tries. Many studies suggest that, besides a higher
pancreatic content of digestive and lysosomal en-
zymes, alcohol produces an increase in organelle fra-
gility that may predispose to premature intracellular
activation of digestive enzymes; this, in turn, leads to
the autodigestion of the pancreas. The ethanol-in-
duced increase in organelle fragility is due to higher
content of lipid substances like fatty acid ethyl esters
(FAEE) and cholesteryl esters (CE) which are dele-
terious for membranes [32]. Many works have re-
ported in pancreas an ethanol-dependent synthesis
of FAEE [33,34] and CE [35^37]. Mechanisms re-
sponsible for FAEE and CE synthesis remain hypo-
thetical. FAEE may be synthesized by di¡erent en-
zymes of the lipid metabolism [32] and BSDL is
incriminated [38]. However, the origin of CE is not
well de¢ned; in pancreatic alcoholic steatosis, the
accumulation of CE hypothetically associates hyper-
cholesterolemia with an increase in pancreatic lipase
activity [37], whereas the synthesis of CE could orig-
inate from free cholesterol and FAEE-derived fatty
acids [34,37]. However, our previous studies along
with present data suggest an alternative pathway
for the ethanol-dependent CE accumulation. Indeed
as shown in another studies, BSDL is capable of
transesteri¢cation [21] as it may esterify lipid-soluble
vitamins and cholesterol as well [39]. Moreover, in
chinese hamster ovary (CHO) cells transfected with
the full-length cDNA of rat BSDL, the enzyme af-
fected the cell lipid turnover and an increase of
[3H]oleic acid incorporation in cholesteryl esters,
more speci¢cally in a cytosolic fraction, was detected
(Le Petit-Thevenin et al., in press). In the present
study, performed with the rat pancreatic AR4-2J
cells, we found in presence of alcohol that, besides
the increase in BSDL biosynthesis, the enzyme accu-
mulates preferentially in the cytosol; thereby, BSDL
could be responsible in part for the cholesteryl esters
accumulation in cytosolic lipid droplets observed in
rat pancreas after ethanol intake [36,37] and might
be a factor participating in alcoholic pancreatitis.
Moreover, this indicates that alcohol may e¡ectively
a¡ect the cellular tra⁄cking of secreted proteins, at
least that of BSDL. Accordingly, AR4-2J pancreatic
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cells could be useful as a model in future studies
concerning the e¡ect of alcohol on protein tra⁄cking
and, in part, BSDL [12,40]. Interestingly, cholesteryl
ester accumulation as cytosolic lipid droplets was
observed in cells that also expressed BSDL
[17,25,27,28] such as cancer cells [41], hepatocytes
of alcoholics [42] and activated macrophages leading
to foam cells [43]. Our attempts to demonstrate an
accumulation of cholesteryl esters in ethanol-treated
cells have failed (data not shown). This could possi-
bly be due to the small excess of CE to be quanti¢ed.
Another reason is that the ponderable accumulation
of CE has been detected only after a long-term etha-
nol intake (3 to 12 weeks) of rats [36,37]. It is di⁄cult
to extrapolate results in our cell model study to the
human situation. However, taken together, these
data suggest that alcohol-associated increase of
BSDL expression could participate in the alcoholic
pancreatic steatosis observed in human [44] and rat
[37].
In conclusion, chronic treatment of pancreatic cells
with ethanol increased the level of mRNA coding for
BSDL and consequently a¡ected the biosynthesis
and secretion of the enzyme. Physiologically, this
may have some important e¡ects not only on lipid
digestion and absorption but also on plasmatic and
intracellular lipid metabolism. However, the possible
implication of BSDL in cholesteryl ester storage fol-
lowing alcohol intoxication, or as observed in path-
ology such as pancreatitis and cancer, has to be dem-
onstrated.
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